F luorescence in situ hybridization (FISH) allows the identification of specific nucleic acid sequences in morphologically preserved chromosomes, cells and tissues, linking the molecular data (sequences) with traditional cytogenetics. Accurate detection of changes in structure and number of a whole chromosome or a specific chromosome region is an important prognostic and predictive factor in several human diseases (Masood and Bui, 2002; Kruger et al., 2003; Liebisch et al., 2003) . FISH analysis is applied both to metaphase and interphase cells; it is performed on cell cultures, fresh tumor samples (Bentz et al., 1993; Farebegoli et al., 1999) , touch imprints or cells from scraping, and on paraffin embedded archival tissue (Davison et al., 1998; Fiche et al., 1999) . Using chromosome-specific probes, FISH has become an important cytogenetic tool in the evaluation of many congenital disorders, haematological malignancies and some solid tumors (Mascarello et al., 2002) because it can detect ploidy and gene amplifications, deletions or traslocations (Taylor et al. 1994; Press et al., 1997; Klijanienko et al., 1999; Li et al., 1999) , and identify chimeric populations, minimal residual disease and the presence of rare neoplastic cells (Zhan et al., 1995) .
One of the most common genetic alterations associated with human breast and ovary cancer is HER-2/neu (c-erbB-2) amplification. The HER-2/neu (cerbB-2) gene is located on chromosome 17q12-21 and encodes a protein of the Class I growth factor receptor tyrosine kinase family. Currently, it is possible to study both protein expression (immunohistochemistry) and gene amplification (FISH).
Many commercial probes work with their own protocol on 4 µm histological sections (Masood et al., 1998; Depowski et al., 1999; Wang et al., 2000) . These methods often encounter overlapping nuclei which make signal interpretation and counting very difficult. To avoid this problem, we extracted and isolated nuclei from formalin-fixed, paraffinembedded tissue
The aim of this study was to describe a newly developed FISH protocol on nude nuclei, to compare the results obtained on extracted nuclei and tissue sections and to demonstrate the higher sensitivity and specificity of the FISH method as adapted to extracted nuclei
Materials and Methods

Patients
The tissues were obtained from the Department of Pathology of the University Hospital of Brescia from 43 selected patients classified as reported in Table 1 . FISH was performed on different tissues (breast, ovary, endometrium, mesothelium, stomach) . In each case, the two protocols described below were applied on both paraffin-embedded slides and extracted nuclei (see Table 2 ).
Probes
We performed FISH using specific probes in different tumor samples to evaluate single gene or chromosome copy number. We used a locus specific identifier probe (LSI) which targets HER-2/neu in breast, ovary and endometrial cancer, and in malignant mesothelioma, because of its widely recognised clinical significance and implications for the therapeutic approach. As we observed that chromosomes 8 and 17 are most commonly involved in breast cancer, GIST and malignant mesothelioma, we also investigated their aneuploidy using chromosome enumeration probes (CEP).
FISH on tissue sections
The protocol suggested by the probes manufacturer (Paraffin pretreatment Reagent Kit, Vysis Inc., Donwers Grove, IL, USA) was used. It includes the paraffin embedded tissue pre-treatment; the result is guaranteed only on formalin-fixed samples.
Slide preparation from formalin-fixed, paraffinembedded tissue needs the following steps: deparaffinization with Hemo-De (10 minutes, twice) and 100% ethanol (5 minutes, twice); pre-treatment with 0.2 N HCl (20 minutes), bidistilled water (3 minutes), kit wash buffer (3 minutes), kit pre-treatment solution at 80°C (30 minutes), purified water (1 minute), and kit wash-buffer (5 minutes); treatment with kit protease solution at 37°C (10 minutes) and drying at 50°C (5 min); fixation in neutral buffered formalin (10 minutes) and drying at 50°C (5 minutes).
DNA was denatured by dipping the slides in 70% formamide/2X SSC buffer (sodium chloride and sodium citrate salts) pH 7.0-8.0 at 73±1°C for 5 minutes. The slides were left in decreasing ethanol washes for 1 minute each (ethanol 70%, 85%, 100%), then dried at 50°C for 2 minutes.
10 µL of probe kit solution (LSI HER-2/neu Spectrum Orange/CEP17 Spectrum Green PathVysion HER-2 DNA Probe Vysis Kit) or 10 µl of diluted probe (CEP17 Spectrum Green DNA probe, Vysis or CEP8 Spectrum Orange DNA probe, Vysis) were applied to the target area and coverslips were placed on the slides. Humidified chamber pre-warmed at 37°C overnight followed.
Samples were then briefly washed in the posthybridization buffer (2X SSC and 0.3% Nonidet P40, Sigma Aldrich, Germany) at room temperature and left at 72±1°C for 2 minutes in the same solution. They were finally dried in a dark room at room temperature, mounted and counterstained with kit DAPI/antifade (PathVysion HER-2 DNA Probe Kit, Vysis Inc.).
FISH on isolated nuclei
Nuclei extraction was performed on 40 µm thick sections of formalin-fixed, paraffin-embedded tissue, after morphological evaluation of a hematoxylin/eosin stained slide in order to select a wholly neoplastic area.
The sections of neoplastic tissue were treated with xylene overnight and rehydrated through a decreasing alcohol scale (ethanol 100%, 85%, 70%, H 2 0). After 2 hours of enzymatic digestion at 54 E. Rossi et al. 37°C with 0.005% pepsin (Roche, Germany), the samples were filtered through 50 µm nylon pores and centrifuged for 8 minutes at 1800 RPM. The pellet was resuspended in phosphate buffer saline (PBS). Twenty to forty µL (depending on cell concentration) of nuclear suspension were put on a clean slide, air dried and fixed for 10 minutes with acetic acid/methanol (1:3). Once fixed, the samples can be stored at room temperature for several months.
One slide was stained with hematoxylin to assess the relative quantity and quality of nuclei. The other slides were pre-treated in 2X SSC for 15 minutes at 37°C and gradually rehydrated to 70% ethanol.
They were then treated with 0.1 mM citric acid (pH 6), kept at 85°C for 1 hour and placed in 0.005% trypsin solution (Roche, Germany) for 10 minutes at 37°C. Another rehydration in 70% alcohol and air drying followed. Then, 10 µL of probe kit solution (LSI HER-2/neu Spectrum Orange/CEP17 Spectrum Green PathVysion HER-2 DNA Probe PathVysion HER-2 DNA Probe Kit, Vysis) or 10 µL of diluted probe (CEP17 Spectrum Green DNA probe, Vysis or CEP8 Spectrum Orange DNA probe, Vysis) were applied.
Slides were covered with a coverslip. DNA was denatured at 80°C for 3 minutes and incubated overnight at 37°C in a pre-warmed humidified chamber. The day after, the slides were briefly washed in 2X SSC with 0.1% NP40 at pH 7, kept at room temperature until the coverslips floated off and put in the solution described above for 2 minutes at 70°C. Finally, they were treated in PBS, mounted and counterstained with DAPI (Sigma Aldrich, Germany)/antifade (Vectashield, Vector, USA) or propidium iodide (Sigma Aldrich, Germany)/antifade.
Signal enumeration and data interpretation
For each chromosome enumeration probe and each sample, at least 200 non overlapping interphase nuclei were evaluated (Mazzucchelli et al., 2000) . We set the threshold for complete polysomy at 20% of nuclei with more than two signals (Balazs et al., 1995; Mendelin et al., 1999; Visscher et al., 2000) . Centromeric signals were counted using an epifluorescent microscope (Nikon Eclipse E600), equipped with selective filters for the fluorochromes used. FISH images were captured using a Nikon digital camera (X600 and X1000 magnification).They were further elaborated with the Nikon ACT-1 2.11 image analysis software.
LSI probe signals were evaluated in 60 non overlapping interphase nuclei within an area of invasive carcinoma [Hoang et al., 2000; Ellis et al., 2000] . HER-2/neu evaluation was performed with the PathVysion kit using two fluorescent DNA probes (LSI HER-2/neu and CEP17). The expected ratio of HER-2/neu and CEP17 is less than 2.0 for the unamplified specimen and more than 2.0 for the amplified. This ratio is applied in order to distinguish true amplification from chromosome aneuploidy [Pauletti et al., 1996; Vang et al., 2000] .
Statistics
To evaluate discrepancies between results on slides and extracted nuclei, a simple statistical analysis based on coupled, two-tailed Student's t test (threshold 0.05) was performed.
Results
Making a comparison between the results of FISH performed on extracted nuclei and on sections, we considered separately DNA ploidy and gene amplification. A slight difference between 55 Original Paper ploidy evaluated on sections and on extracted nuclei was noticed (Table 3) which was statistically significant (p=0.007) on CEP17. Statistics could not be performed on CEP8 because of the low samples number. In 3 breast cancers (cases BR3, BR4, BR5), the percentages were above threshold for chromosome 17 polysomy (>20%) in the extracted nuclei, and lower in the sections (<20%). In addition, 1 of the 5 GIST cases (GIST1) showed this difference between extracted nuclei and sections for chromosome 17 polysomy. In the same samples, the percentages of polysomic nuclei for chromosome 8 were above threshold in both the extracted nuclei and the sections, although they were much lower in the sections. Comparison between the FISH results on extracted nuclei and sections of the GIST1 case is shown in Figure 1 .
In Table 4 , the amplification values calculated for HER-2/neu protooncogene, based on HER-2/neu to CEP17 ratio, are reported.There are no discrepancies between extracted nuclei and sections, except in 1 out of 22 breast cancers (case BR14), which is amplified only in the slide. Otherwise, considering the numeric HER-2/neu to CEP17 ratio, statistics prove to be significant for a discrepancy between the results of the two methods (p=0.015). This discrepancy does not affect the final response (amplified vs not amplified), because values remain above or under the given threshold. Figures 2 and 3 show the results on extracted nuclei and histological sections, respectively.
Discussion
In the present work, a new protocol is described for FISH based on the extraction of nuclei from formalin-fixed, paraffin-embedded samples. The nuclear suspension makes the fluorescent spots easier to count both in the evaluation of chromosome ploidy (CEP count) and in the calculation of the HER-2/neu to CEP17 ratio (LSI and CEP count).
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E. Rossi et al. This method avoids 1), the signal overlapping typically found in sections, and 2), the background noise; in this way influencing the final result in some borderline cases. In fact, three breast cancers and one GIST showed aneuploid signals for chromosome 17 only after extraction and isolation of the nuclei. And, in the evaluation of HER-2/neu protooncogene amplification, 1 out of the 22 breast cancers, previously considered borderline because the FISH signal count was ambiguous, turned out to be amplified for HER-2/neu only on isolated nuclei. Problems with histological sections probably arise from the relatively high number of cut nuclei, especially in thin sections (2 µm). Immediate consequences are the signal loss and, particularly in cerbB-2 counts, the inability to recognize weakly amplified signals. The operator needs an increased number of counted nuclei and more complex statistical studies, but they are often time consuming and error prone (Xing et al., 1996; Masood et al., 1998; Burger et al., 2001; Jordan et al., 2001) , while nuclei extraction and isolation bypass all these problems.
In conclusion, we suggest the use of this protocol based on nuclei extraction and isolation. It can solve several problems often found when evaluating chromosome ploidy and single gene amplification by means of FISH on tissue sections by improving the signal quality in several types of neoplastic samples studied for diagnostic and research proposes. This improvement not only affects the number of signals counted in the nuclei, but also the intensity of the spots, which tends to be more clearly readable.
